The objective of this study was to evaluate the application of wastewater from swine manure (ARS) and chemical fertilization on foliar concentrations of macronutrients and micronutrients, and its relationship with the growth of babycorn. An experiment was conducted in completely randomized design with eight treatments and three replications in 4 x 2 factorial arrangement, which consisted of the application of four doses of swine wastewater (0, 40, 80 and 120 kg N ha ). The results indicated that the increase in fertilization using swine wastewater manure resulted in significant differences for babycorn's foliar concentrations of N and P, promoting levels below the adequate for N and K, appropriate levels of Cu, Zn, Mn and Fe, and levels above the adequate for P, Ca, Mg and S. For growth variables, results indicated significant differences and the increased use of fertilizer with swine wastewater promoted higher plant height, leaf area, leaf area index, number of leaves per plant and absolute growth rate.
INTRODUCTION
The environmental impact of using sources of nutrients applied in medium and long-term periods can be evaluated using embedded attributes, which take into account harmful or beneficial use of waste as source of nutrients to plants when applied in soil management systems (Pandolfo et al., 2008) .
Agricultural recycling of swine manure is highlighted as important technological alternative, which allows mineral elements and organic matter contained in manure excreted by animals returning to the ground, serving as nutrients to plants, bringing benefits to the chemical, physical and biological properties of soils, while the problem of soil and water contamination is minimized (Seidel et al., 2010) .
The knowledge of absorption and accumulation of nutrients in the development stages of maize crop allows determining the times when elements are more required and advising deficiencies corrections that may occur during its development, and estimating the rates that will be exported by grains harvest or forage, and those that may be returned to the soil by crop residues (Pinho et al., 2009) .
The nutritional needs of any plant are determined by the amount of nutrients it extracts during its cycle (Büll, 1993) and vary depending on the plant production and its interaction with the environment. The determination of nutritional requirements is based on the expectation that there is correlation between the availability of nutrients in the soil, foliar content and productivity. Studies have shown that application of wastewater increased the concentration of macro and micronutrients in various crops such as cotton (Ferreira et al., 2005) and maize (Prior et al., 2009) , the increase being influenced by the concentration of nutrients in the wastewater.
An alternative that allows for the use of waste, minimizing its impact on the environment is aimed, since the intensification of technified swine manure, by being a waste concentrator activity, possessing high pollutant load to the soil, air and water, and also as in some Brazilian regions a considerable increase in the wastewater production from swine manure (ARS) -depending on the type of management -have become a major source of contamination (Smanhotto et al., 2010) .
The alternative use as fertilizer appears since the ARS has constituents which added to the soil provides nutrients to plants and can be absorbed after mineralization, but if in undesirable levels may lead to contamination of soil, water and plant. In addition to the waste fate, it is possible to reduce the use of chemical fertilizers, more frequent water availability, improvement of soil quality and increased crop yields.
In babycorn crops, the time of land use and dependence on fertilization are less demanding factors than that corn crop in grains or silage; thus, high amounts of fertilizer will not be translated into productivity, but there is the compensation for straw use for subsequent crops (Meneghetti et al., 2008a,b) . The baby corn needs nutrients readily available, and the ARS are rich in macro and micronutrients and have most of them easily mineralizable, except potassium and sodium, which do not depend on mineralization since they are not associated with organic material.
In relation to fertilization and nutritional status related to culture, aspects highlighted included: removal of nutrients as function of time and development, amount and form of absorption and productivity; concerning to soil, available elements and their interactions with chemical, physical and biological characteristics, interactions with crop's nutritional requirements; and fertilizers, economic aspects, physical and chemical characteristics, timing and form of application and mobility in soil (Vasconcellos et al., 2001) . As there is increase in the slurry applied dose, especially from 40 to 80 m 3 ha -1 , there is decrease in the uptake efficiency by plants. Thus, doses above 40 m 3 ha -1 in addition to being less efficient under the nutritional point of view, may pose a risk of contamination to surface and subsurface waters by infiltration of nutrients in the studied soil profile (Durigon et al., 2002) .
The swine manure is made up of elements that both promote the development of plants and cause environmental damage. Hence the importance of assessing the amount of waste that could be added to the soil and for how long, with no negative consequences to the soil as ionic imbalance, phytotoxicity to plants, atmosphere pollution by evaporation and contamination of surface and subsurface waters by leaching so that systems fertilized with this waste become self-sustaining. The use of swine wastewater has many benefits; however, regarding the dosage of application of these waters, there is need for discussion. Thus, this study aimed to investigate the babycorn's nutritional status and evaluate its growth, under application of swine wastewater combined with chemical fertilizer in the sixth application cycle.
MATERIAL AND METHODS
The experiment was conducted at the Experimental Center of Agricultural Engineering -NEEA, the Center of Exact Sciences and Technology at the State University of West Paraná -Campus Cascavel, PR, located at the 101 km BR 467 towards Cascavel -Toledo, between the coordinates 24º 48' south latitude and 53º 26' west longitude and 760 m altitude from October to December 2008. The climate is humid subtropical (Cfa), with 1.800 mm average annual rainfall. The soil type, according to the classification of EMBRAPA (2006), is characterized as typical Oxisol (clayey). Experiments with application of swine wastewater are conducted in this area and this was the sixth consecutive cycle, with sequence of maize/ soybean/oats/soybean/oats and babycorn.
Treatments were distributed in a completely randomized design in 4 x 2 factorial arrangement with three replications, consisting of swine wastewater (ARS) doses (0, 115.20; 230.40 system in a piglet production unit (PPU). The ARS collection site was in the pipe exit, after passing through the biodigester followed by sedimentation tank and stabilization pond. ARS characteristics used in the experiment are presented in Table 2 .
of the fourth leaf developed to the end of the crop cycle, called as dolled up in case of the babycorn, totaling seven observations in which plant height (EP), vertical distance between soil surface and the highest part of the plant, number of leaves developed per plant (NF P -1 ), leaf area (LA) length by width of leaf product multiplied by a 0.75 factor (Stickler et al., 1961) , leaf area index (LAI) -ratio between photosynthetic active leaf area and the land surface area occupied by the plant, absolute growth rate (AGR) -ratio between height and time between two successive samplings.
After testing for normality and homogeneity of variances (Minitab ® 14), parameters that showed no normal distribution suffered changes, and then were subjected to analysis of variance (Sisvar ® ) (Ferreira, 2000) and when there was 5% probability, the regression analysis was performed.
RESULTS AND DISCUSSION

Foliar concentrations of macro and micronutrients
Summaries of the analysis of variance for foliar concentrations of macro and micronutrients of maize crop under swine wastewater treatment in exclusive application combined with chemical fertilizer are presented in Tables 3 and 4 , in which the occurrence of significant effects and interaction between ARS x AD are observed only for N and P. After applying the ARS, the babycorn sowing was manually performed in conservation tillage (variety BR 106 -Embrapa Maize and Sorghum) on October 13, 2008, at 0.50 m spacing between rows and 0.08 m between plants at 0.04 m depth.
The emergence occured seven days after sowing (DAS). In the vegetative growth stage (ii) with three fully expanded leaves manual thinning was performed at 12 DAS to adjust the population to 180.000 plants per hectare, density of 10 plants per linear meter.
When the appearance of female inflorescence, stage R1, the leaves located opposite and below of the first spike were removed for the purpose of foliage analysis from three plants per plot, considering the middle third, excluding the midrib (Malavolta et al., 1997) . The determination of N, P, K, Ca, Mg, S, Cu, Zn, Mn and Fe followed the methodology proposed by Tedesco et al. (1995) The average contents (Table 3) of N and K are below levels considered adequate for maize (27.5 to 32.5 g kg -1 and 17.5 to 22. 5 g kg -1 , respectively) and the nutrients P, Ca, Mg and S are much higher than the appropriate values (2.5 to 3.5, 2.5 to 4.0, 2.5 to 4,0 and 1.0 to 2.0 g kg -1
, respectively) (Büll, 1993) . Thus, it is possible to infer that the application of ARS and AD was sufficient to meet the nutritional requirements of P, Ca, Mg and S for babycorn plants. Prior et al. (2009) evaluated the effect of swine wastewater in soil and corn, for P, the author obtained average contents of 20.80 g kg -1 , indices below those suitable for P, differing from this work, which has experienced adequate P levels. This can be explained by the difference of nutrients applied via ARS compared to that of Prior et al. (2009) . Still, also by the inflow and phosphorus accumulation and low P mobility in the soil (Costa et al., 2009) . In this context, the high mobility of phosphorus in the plant, which, in different availability conditions (Büll, 1993) would provide different answers for P accumulation in the plant, resulting in the P compartmentalization in shoots.
About two-thirds of the phosphorus in swine liquid manure is insoluble in water, forming organic structures, which provide manure residual effect observed by Ceretta et al. (2005) , frequent applications of manure can cause P accumulation in soil, a fact recorded in this study. Most of the N available to crops comes from the interaction between nitrogen fertilization and N mineralization/immobilization from crop residues and N from soil's organic matter (Silva et al., 2008) . Low levels of nitrogen are justified in part due to babycorn crops have been done in succession to black oats, resulting in lower yields of dry matter and lower nitrogen absorption (Aita et al., 2006a) , and also due to crop residues with high C:N ratio making micro-organisms that work in the organic material decomposition multiply rapidly, assimilating carbon and producing CO 2 and parallel to the carbon decomposition need to assimilate N (Aita et al., 2006b) .
The interaction between nitrogen and potassium is antagonistic, since potassium affects nitrate uptake and its reduction in plant tissues (Malavolta et al., 1997) . Overall, nitrogen is the nutrient that provides higher productivity increments; however, high applications with no corresponding increase in potassium may result in inappropriate N: K ratios within the plant.
Calcium and sulfur contents found in babycorn leaves suffered no influence under treatments with increasing doses of ARS and AD, only similar behavior to P and Mg, in other words, above the appropriate levels. N:S ratios in the plant between 8 and 12:1 (Malavolta, 2006) are considered ideal, and this work 4 to 7:1 ratios were established. Low ratios may have been caused by increased demand for sulfur-containing amino acids (cysteine, methionine and cystine) when protein synthesis is accelerated by N supply to the plant (Kalmbacher et al., 2005) , providing increased S concentrations in plant and N reduction.
Values for micronutrients concentrations (Table 4) lie within the range considered adequate by Büll (1993 Concentrations of micronutrients in babycorn plants followed the descending order Fe > Mn > Zn > Cu when sampled. Martins et al. (2003) , evaluating the effect of sewage sludge in a single dose and in a piecemeal manner in grain production and absorption of Cu, Zn, Mn and Fe by maize.
The low values found for Cu contents can be justified by the high N supply which reduces the Cu availability within plants (Kirkby & Römheld, 2007) . Martins et al. (2003) , however, found that Fe and Mn concentrations were reduced but Cu concentration remained constant.
Results presented in Figure 1 show that accumulation of nitrogen and phosphorus in babycorn plants had quadractricaly behavior with increasing trend and coefficients of determination (R The increased levels of ARS application provided increments of nitrogen and phosphorus, as significant values for ARS were found. Plants deficient in nitrogen have lower levels of nitrogen and higher phosphorus, potassium, calcium, magnesium and sulfur contents (Malavolta, 2006) .
Concentrations of macronutrients in babycorn plants followed the decreasing order N > K > Ca > P > S > Mg. Pinho (2009) evaluated the mineral absorption of nutrients and dry matter accumulation in maize with the following descending order of accumulation in shoot N > K > P > Ca > Mg > S. Carmo et al. (2003) evaluated the accumulation of N, P, K, Ca and Mg in maize grown under fertilizer sources, involving liquid swine manure, phosphate rock and gypsum plus NPK by checking the average accumulation of nutrients in descending order N > K > P > Ca > Mg. The order found by Pinho (2009) was the one that most resembled that observed in this work.
The economic viability of organic waste in the production of corn and soybean grains and probable environmental impact by using swine and poultry waste and observed chemical imbalances observed for phosphorus, copper and zinc nitrate. Phosphorus and magnesium have similar pattern of distribution within the plant with probable mobilization to grains, following the absorption process since Mg acts as a carrier for P within the plant and activator of some enzymes of carbohydrate metabolism. Ferreira et al. (2005) found positive responses to N application in relation to Ca, Mg, Zn and the Mo x N interaction showed effect on Fe content.
According to the result observed (Figure 2) , the accumulation of manganese and iron in babycorn plants showed a quadratic behavior with decreasing trend for Mn and increasing trend for Fe and coefficients of determination (R 2 ) 0.97 and 0.67, indicating high and good relationship between the variables, respectively.
Fe content was higher than other contents analyzed. This suggests little reduction of nitrite and sulfite, so that nitrate and sulfate are often present at low levels in plants supplied with Fe (Kirkby & Römheld, 2007) .
Soil acidification increases the availability of micronutrients, Cu, Mn, Fe and Zn (Kirkby & Römheld, 2007) , which differed from this study only concerning to levels Mn, since Cu, Zn and Fe had their concentrations increased.
Growth analysis
Summaries of the analysis of variance for height of plants (EP) and leaf area (LA) of babycorn under swine wastewater treatment at unique application combined with chemical fertilizer are presented in Table 5 . The occurrence of significant effects of the AD x ARS interaction for plant height at 30 DAS and leaf area at 19 DAS (days after sowing) was observed. Almeida et al. (2005) had baby corn plant heights ranging from 1.53 to 1.91 m. The average taken in the last period of this study was 1.16 m (Table 5) , which may have occurred due to during this period there was little or no rainfall, totaling 249.4 mm and the average temperature was around 30 °C. Certainly they were not enough to meet the crop needs, which can be grown in areas with rainfall from 300 to 5.000 mm per year, and the amount of water consumed during the cycle is around 600 ). Summaries of the analysis of variance for leaf area index (LAI), number of leaves per plant (NF P -1 ) and absolute growth rate (AGR) of baby corn under swine wastewater treatment at unique application and combined with chemical fertilizer are presented in Table 6 . It is observed the occurrence of significant effects of ARS: Swine wastewater; AD = fer tilization; DAS: Days after sowing; ns: not significant at 5% probability level, * significant at 5% probability. For normalization of variables for foliar area index and absolute growth rate values were transformed to 1  x , except for 19 DAS (data normality -Shapiro Wilk test and homoscedasticity). For number of leaves per plant variables showed normal distribution the interaction ARS x AD on the leaf area index at 19 DAS and absolute growth rate in the first and second observation. Sá et al. (2002) obtained values around 3.18 and 3.63 m 2 for LAI in analysis to morphological and physiological aspects of modern and old cultivars of corn, approaching to the maximum values of this study (3.41 to 4.55 m 2 m -2 ). Almeida et al. (2005) for a population of 178,570 plants obtained the number of leaves ranging from 8 to 14 per plant, and also above the values of Meneghetti et al. (2008a,b) , evaluating water irrigation in babycorn, obtaining values between 12.32 and 12.85 leaves per plant. Figure 4 shows the leaf area index and absolute growth rate of babycorn in the treatments with ARS levels in combination with AD for periods of 19 days after sowing and 11 and 12 days of observation, and coefficients of determination (R 2 ) 0.79 and 0.49 (y= 0,0118 e 0.0055x ) for 12 days, and 0, 40 (y= 0,0099e 0.0034x ), for 11 days, indicating good and low relationship between the variables, respectively.
2. The application depends on the nitrogen concentration in the swine wastewater, fact not considered by the farmer, once it references always the volume of application and not the concentration.
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Figura 4. Leaf area index and absolute growth rate as function of the differential treatment by ARS levels combined with AD for periods of 19 DAS and 11 and 12 days of observation Equally to the leaf area (LA), the leaf area index (LAI) of babycorn for 19 DAS showed a quadratic behavior with a growing trend and 0.79 coefficient of determination (R 2 ). The absolute growth rate (TCA) for 11 and 12 days of observation showed exponential behavior and coefficients of determination (R 2 ) of 0.49 and 0.40, which indicates low relationship between variables. CONCLUSIONS 1. Swine wastewater doses are less than 120 kg ha -1 , since the systematic use increase nutrient levels of plant (P, Ca, Mg and S), which can reach levels above those recommended, suggesting accumulation.
